alkaline phosphatase constitutive strain in the phosphorus-rich medium was ascribed to the absence of internal inorganic phosphates in these bacteria. It has been shown that such anions interfere in the reaction of the antibiotic with deoxyribonucleic acid.
The biochemical basis of the lethal effect of streptomycin on sensitive bacteria is an area of active investigation. Several sites at which the antibiotic might act have been proposed. These include the ribosomes (Spotts and Stanier, 1961; Spotts, 1962; Speyer, Lengyel, and Basilio, 1962; Flaks, Cox, and White, 1962) , the cell membrane (Anand and Davis, 1960; Landman and Burchard, 1962) , and the deoxyribonucleic acid (DNA) of the bacteria (Cohen and Lichtenstein, 1960; Rosenkranz and Cohen, J. Biol. Chem., in press; Rosenkranz, 1963 ).
An alkaline phosphatase has been shown to be elaborated by streptomycin-dependent (Rosenkranz, 1963 ) and some streptomycin-resistant (Rosenkranz, Bendich, and Carr, unpublished data) strains of Escherichia coli. Therefore, it was considered of interest to examine the bactericidal effect of streptomycin on an alkaline phosphatase constitutive strain of E. coli with a view to understanding the role of this enzyme in the response of bacteria exposed to the antibiotic.
MATERIALS AND METHODS
Bacterial strains. The bacteria studied were the kind gift of A. Torriani. E. coli K-10 was an Hfr strain of E. coli K-12 (Echols et al., 1961) , and E. coli C-4 was an alkaline phosphatase constitutive mutant isolated from E. coli K-10 (Torriani and Rothman, 1961) .
Media. Medium A was the (high phosphate) minimal medium of Davis and Mingioli (1950) containing 0.5% glucose. Medium K1 was the low-phosphorus medium of Davis (1961, 1962) adjusted to 10-3 M K+.
Growth of bacteria. Resting cells were diluted to a concentration of 5 X 107 bacteria per ml. These cultures were then grown with aeration at 37 C until they reached the middle of the exponential growth phase. The cultures were then divided into two equal portions, one of which was supplemented with streptomycin.
Viable counts. Samples were taken at appropriate intervals, diluted, and rapidly plated on nutrient agar (23 g of Difco nutrient agar, 5 g of NaCl, and 1,000 ml of water). The plates were incubated overnight at 37 C.
Antibiotic. Streptomycin sulfate was purchased from E. R. Squibb & Sons, New Brunswick, N.J.
RESULTS
The effect on the viability of E. coli K-10 (wild) and E. coli C-4 (alkaline phosphatase constitutive) of exposure to 5 ,ug of streptomycin per ml of medium A is illustrated in Fig. 1 . After 3 hr, the wild strain was not affected by exposure to this level of streptomycin; similar results were obtained by Plotz and Davis (1962) with E. coli ML 35 exposed to 10 ,ug of streptomycin in the same medium. On the other hand, the alkaline phosphatase constitutive mutant was killed upon exposure to this low level of antibiotic. When the level of streptomycin was raised to 20 Ag per ml, and E. coli C-4 to 6j&g of streptomycin (SM) per ml of medium A. Bacteria, exponentially growing in the high-phosphate medium A, were exposed to streptomycin (5,mg/ml) at time 0. Samples of treated and untreated bacteria were withdrawn at appropriate intervals and spread on nutrient agar. Viable counts were determined after 16 hr of incubation at 37 C. was a 0.5-hr lag in the case of the wild strain (Fig. 2 ).
When exposed to streptomycin (5 Ag/ml) in the low-phosphorus medium K1, the antibiotic had a bactericidal effect on both strains (Fig. 3) , in contrast to the results obtained with the same streptomycin concentration in medium A (Fig. 1) . The lack of a delay in the onset of killing and the greater sensitivity of the alkaline phosphatase constitutive strain should also be noted. (caused, perhaps, by a deficiency in the phosphorus-transport system of this mutant), which is compensated by the elaboration in the cell of an enzyme (alkaline phosphatase) that permits the utilization of organic phosphates. The killing efficiency of the streptomycin may be enhanced by this internal depletion of phosphates, as it is known that these anions interfere with the formation of the DNA-streptomycin complex (Rosenkranz and Cohen, in press) , which has been postulated as the lethal event (Rosenkranz, 1963) . In the presence of phosphates, more streptomycin is required to complex with DNA. This in vitro effect is paralleled in the present study by the higher antibiotic concentration required to produce lethality in the wild strain when grown in the phosphorus-rich medium.
DISCUSSION
Indeed, when the two strains were grown in a phosphorus-poor medium, they displayed almost equal sensitivities to low levels of the antibiotic,~0 thus indicating that the hypothesis advanced above is consistent with the results obtained in this study. The greater effectiveness of streptomycin in the presence of low phosphorus concentrations has been reported previously (Donovick et al., 1948) .
The relationship of the present observation with the paradoxical effect, observed by Davis and his collaborators (Dubin and Davis, 1962; Feingold and Davis, 1962) , involving a phosphorus-stimulated degradation of ribonucleic acid in cells undergoing killing by streptomycin is not clear, especially as this effect was not believed to be necessarily the lethal one (Dubin and Davis, 1962 
